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LONG-TERM GOAL 
 
Given remote and direct physical measurements of a realistic ocean wavefield, obtain a high-resolution 
description of the wavefield by integrating the measurements with direct phase-resolved wave 
computations including realistic environmental effects such as wind forcing and wave breaking 
dissipation.  Inform and guide the measurements necessary for achieving this reconstruction and 
address the validity, accuracy and limitations of such wavefield reconstructions. 
 
OBJECTIVES 
 
The specific scientific and technical objectives are to obtain:  
 
1. Development of a phase-resolved, deterministic prediction capability for nonlinear wavefield 

reconstruction and evolution at intermediate scale (O(1) ~ O(10)km) using ship-mounted radar 
wave  measurements 

2. Incorporation and evaluation of physics-based wind-forcing and wave-breaking models that are 
developed/calibrated/validated based on simulations and measurements 

3. Characterization and quantification of uncertainty and incompleteness in sensing data on 
wavefield prediction 

4. Direct comparison between quantitative field/laboratory measurements and nonlinear wavefield 
reconstruction and prediction 
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APPROACH 
 
We develop and apply a comprehensive deterministic model for intermediate scale, O(10)km, wave 
environment prediction by integrating whole-field and multiple-point direct measurements of the wave 
and atmospheric environment with nonlinear simulation-based reconstruction of the wavefield.  The 
wave reconstruction is based on phase-resolved simulation of nonlinear surface wave dynamics, and 
utilizes hybrid (from different types of sensors) measurements that may contain noise, uncertainty and 
gaps.  The simulations also incorporate physics-based wind forcing and wave-breaking dissipation 
models, which are themselves developed/validated/calibrated based on measurements. 
 
Nonlinear wavefield reconstruction is based on an iterative optimization approach using multilevel 
phase-resolved wave models of different nonlinearity orders. Specifically, for low-level optimization 
which is sufficient for mild waves, the theoretical linear and second-order Stokes solutions are used. 
For high-level optimization which is required for moderately steep waves, an efficient nonlinear wave 
simulation model based on the high-order spectral method is employed. Once the wavefield is 
reconstructed, its future evolution is given by wave models using the reconstructed wavefield as an 
initial condition (Wu 2004; Yue 2008). In wave modeling, wind forcing is included through a pressure 
distribution on the free surface and wave-breaking dissipation is considered by an effective low-pass 
filter in spectral space.  Other physical effects such as those due to the presence of current and finite 
depth can also be directly considered in wave modeling.  
 
WORK COMPLETED 
 
We focus on the development and improvement of the deterministic nonlinear wave reconstruction 
capability based on radar sensed wave data and performance tests of the capability using measurement 
of realistic ocean waves.  Specifically, the following work is completed:  
 
• Development of high-resolution wave reconstruction and prediction capability: We extend 

the reconstruction and forecasting capability for discrete point wave data to the situation with 
whole-field radar sensed wave data.  The effects of current and finite depth are also included.  In 
particular, we focus on the understanding of wavefield’s predictability (in spatial-temporal 
domain) based on given radar sensed wave data. 

• Modeling of wind input: To account for wind effects in wave reconstruction/prediction, we 
develop and validate a first generation modeling of wind forcing for direct phase-resolved 
nonlinear wavefield simulations. In this model, the wind forcing is modeled as a pressure 
distribution closely correlated to the wave slope.  The effectiveness and parameterization of the 
model is investigated by comparisons to existing laboratory/field observations. 

• Validation and calibration with field measurement:  The developed wave reconstruction 
capability is applied to realistic ocean waves using (WAMOS) radar sensed wave data.  The 
performance of the reconstruction capability is validated and evaluated.  
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RESULTS 
 
The preliminary applications of the developed wave reconstruction and prediction capability indicate 
that the realistic ocean wavefield evolution can be deterministically reconstructed and forecasted based 
on WAMOS sensed wave data. A sample result is described below.  
 
The site of the wavefield considered is at LAT 54°00.53N, LONG 06°35.16W, Norway.  WAMOS 
radar sensed wave data (in Nov. 2008) is used for this application.  The sea condition is mild with a 
significant wave height of Hs ~ 3.53 m and a peak wave period of Tp ~ 7.11s.  The wavefield has a 
relatively small spreading angle.  We reconstruct the wavefield in a domain D of ~1km × 1km based 
on radar sensed wave data at an instant, say, t = 0, and then predict its evolution in a short period of 
time, t∈[0, 4Tp].  Figure 1 shows the comparisons of the reconstructed phase-resolved wavefield with 
the radar sensed data at t = 0 (which is used in reconstruction), and the predicted wavefields at t = 2Tp, 
4Tp wit the radar sensed data (which are not used in reconstruction).  The comparisons indicate that the 
key phase-resolved structures of the wavefield are all properly reconstructed and predicted.  
 
Figure 2 shows the (point-to-point) discrepancy in the wave elevation (normalized by the significant 
wave amplitude) between the reconstructed/predicted wavefield and the original radar sensed wave 
data at t/Tp = 0, 1, 3 and 4.  The error in the predicted wavefield increases with time, especially in the 
region near the upstream boundary of the original domain.  Figure 3 shows the variation of the 
correlation coefficient (relating the reconstructed/predicted wavefield to original radar sensed wave 
data) with time.  The result indicates that the correlation coefficient computed with waves in the 
predictable region decreases much slower than that computed with waves in the original fixed domain.  
The predictable region, which is determined by the properties of the wavefield, varies in space with 
time for a given initial sensed wave data.   
 
IMPACT/APPLICATIONS 
 
Advances in large-scale nonlinear wave simulations and ocean wave sensing have recently made it 
possible to obtain phase-resolved high-resolution reconstruction and forecast of nonlinear ocean 
wavefields based on direct sensing of the waves.  Such a capability will significantly improve ocean-
surface sensing measurements and deployment, and data assimilation and interpretation, by providing a 
comprehensive wave-resolved computational framework. Another important potential application of 
this is to greatly increase the operational envelopes and survivability of naval ships by integration of 
such capability with ship-motion prediction and control tools. 
 
RELATED PROJECTS 
 
The present project is related to the project entitled “Phase-Resolved Reconstruction and Forecast of 
Ocean Wavefields Using Scanning-Sensing Wave Measurements” (N00014-08-1-0694). The present 
project focuses on the application of the deterministic wave reconstruction/prediction capability to 
realistic ocean environment while the related project focuses on the understanding of fundamental 
algorithms and accuracies/reliabilities of deterministic wave reconstruction and forecasting based on 
point and/or whole field wave measurements.  
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Figure 1: Comparison of reconstructed/predicted wavefields (bottom) and radar sensed wavefields 
(top).  The far left figures represent sample radar inversion wavefield (top) and the wavenumber 

spectrum of the sensed wavefield (bottom).  
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Figure 2:  Distribution of the discrepancy (normalized by the significant wave amplitude) between 
the reconstructed/predicted wavefield and the original radar sensed wavefield data at four instants 
t/TRpR = 0, 1, 3, and 4.  The radar sensed wave data at t/TRpR = 0 is used in reconstruction while that at 

other times is not used in prediction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Time variation of correlation coefficients between the predicted wavefield and the radar 
sensed wave data. The correlation coefficients are computed using waves in the predictable region 

(red line), and in the original domain (black line). 
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